Background The FMR1 premutation, caused by a CGG trinucleotide repeat expansion on the FMR1 gene, has been identified as a genetic risk factor for mood and anxiety disorders. Building on recent studies identifying increased risk for mood and affective disorders in this population, we examined effects of potential protective factors (optimism, religion, hope) on depression and anxiety diagnoses in a prospective, longitudinal cohort. Methods Eighty-three women with the FMR1 premutation participated in the Structured Clinical Interview for DSM-IV-TR Disorders at two-time points, 3 years apart. Participants also completed measures of optimism, religion, personal faith, hope, and child and family characteristics. We used logistic regression to examine correlates of major depressive disorder (MDD) and anxiety disorders at the initial assessment, as well as predictors of the diagnostic course over time.
Introduction
Mood and anxiety disorders are among the most commonly diagnosed conditions in the USA, with depression identified as the leading cause of diseaserelated disability among women (Kessler, 2003) . Although the longitudinal course of mood and anxiety disorders is well established (Fichter et al., 2008; Klein et al., 2008; Vuorilehto et al., 2005) , the majority of studies to date have focused on risk factors, and limited information is available on protective factors that may intersect with genetic risk to protect against the emergence and severity of psychopathology.
The present study addresses this gap by examining protective factors that moderate the emergence of psychopathology in women with the FMR1 premutation. The FMR1 premutation is characterised by an abnormal expansion of 55-200 CGG trinucleotide repeats on the promotor region of the FMR1 gene. Although 'premutation carrier' status is not defined by a profile of disability, these individuals are at risk to conceive a child with fragile X syndrome (FXS), a neurogenetic syndrome associated with ID, autism and attention deficits. FXS is relatively rare (1:4000 men; Hagerman et al., 2009 ), yet the premutation is much more common, affecting up to 1:151 women (Seltzer et al., 2012) . Importantly, a growing body of evidence suggests that premutation carriers exhibit increased elevated risk for mood and anxiety disorders (Loesch et al., 2015; Roberts et al., 2009) , even before having a child with FXS (Roberts et al., 2009) . In addition, evidence suggests that the prevalence of both mood and anxiety disorders increases over time in women with the FMR1 premutation (Roberts et al. 2016) . Thus, studying protective factors that may reduce risk in women with the FMR1 premutation is a public health concern, with potential to inform treatment that could substantially improve quality of life for affected individuals.
Prevalence and predictors of depression and anxiety in the FMR1 premutation Elevated risk for mood and anxiety disorders is well established in premutation carriers, making the FMR1 premutation one of the most prevalent heritable risk factors for psychopathology. In our initial work using the Structured Clinical Interview for the DSM-IV (SCID), we reported that 43% of women with the FMR1 premutation (n = 93) met diagnostic criteria for a major depressive disorder (MDD), and 29% met criteria for an anxiety disorder (Roberts et al., 2009 ). In our follow-up study characterising changes in diagnoses over a 3-year span, we reported a 17% increase in the presence of MDD and a 25% increase for anxiety disorders (Roberts et al., 2016) . Similarly, elevated affective features have been reported across multiple premutation samples (Cornish et al., 2015; Loesch et al., 2015; Hunter et al., 2012) with reported rates of affective disorders as high as 65% for MDD and 52% for anxiety (Bourgeois et al., 2011) .
The high rate of affective disorders among women with the FMR1 premutation likely reflects a complex set of factors, including life stressors that may be mediated by cognitive and genetic variables (Cornish et al., 2015; Loesch et al., 2015) . Increased child problem behaviour over time, divorced marital status and genetic factors (mid-range CGG repeat length) have been associated with the presence and increase of MDD (Loesch et al., 2015; Mailick et al., 2014; Roberts et al., 2016) . These patterns are similar to studies of mothers of children with intellectual disabilities in which depressive symptoms are consistently predicted by stress, coping styles, maternal health and family support (Bailey et al. 2007) . Anxiety disorders in premutation carriers have been associated with increased stress related to child factors, including the number of children affected by FXS and the severity of problem behaviour exhibited by the affected children (Roberts et al., 2009) , along with mid-range CGG repeat expansions (Loesch et al., 2015; Mailick et al., 2014) and the presence of fragile X-associated tremor/ataxia syndrome (Bourgeois et al., 2011) . These multiple sources of risk underscore that premutation carrier mothers may experience multiple sources of stress simultaneously, including parenting a child with a disability, experiencing reproductive health challenges and caring for an aging parent with fragile X-associated tremor/ataxia syndrome. Thus, experiential and genetic vulnerabilities likely converge to create a complex system of risk that contributes to elevated rates of psychopathology.
Despite these vulnerabilities, most women with the FMR1 premutation report a generally positive quality of life (Wheeler et al., 2008) and score in average range on many screening tools for parenting-related risks . These trends speak to resilience and individual differences, highlighting the importance of considering both risk and protective factors that contribute to psychopathology. Indeed, in mothers without the permutation who have children with disabilities, protective factors have a demonstrated relationship to psychological wellbeing. Specifically, increased optimism predicts positive maternal outcomes in mothers of children with autism (Ekas et al., 2010) and children with developmental delay (Baker et al., 2005) . Similarly, high hope scores predict low levels of depressive symptoms in mothers of children with ID (Lloyd & Hastings, 2009) . Extending this work to women with the FMR1 premutation may inform interventions to address the elevated rates of psychopathology in this population by addressing unique genetic vulnerabilities and environmental challenges.
Although no longitudinal studies have investigated the prospective association between protective factors and mental health in premutation carriers, both elevated optimism and hope have been concurrently associated with lower depressive and anxiety symptoms . More specifically, hope correlates with enhanced quality of life (Wheeler et al., 2008) and partner support predicts more adaptive responses to stress (Bailey et al., 2015) . A next phase for this work is to establish whether these protective factors may buffer the longitudinal time course of mental health symptoms in women with the premutation, measured using gold-standard diagnostic interviews, thus informing whether variability in protective factors can be leveraged to prevent the onset and reoccurrence of mental health risks in this population.
The present study
The present study examines the potential protective effects of optimism, religion and hope on the expression and stability of psychopathology in a prospective, longitudinal cohort of women with the FMR1 premutation. We report new data from a previously characterised cohort who have at least one child affected by FXS (Roberts et al., 2009; 2016) . The initial published study on this cohort characterised rates of mood and anxiety disorders in these women (n = 93, Roberts et al., 2009) , followed by a subsequent study on the stability of diagnoses across a 3-year follow-up interval (n = 83, Roberts et al., 2016) . Here, we extend this work by examining the association between protective factors and longitudinal trajectories of risk in the Roberts et al. 2016 sample to better understand resilience. Our specific research questions were as follows:
1 Are protective factors (optimism, religion and hope) associated with the lifetime presence of MDD and anxiety in women with the FMR1 premutation? 2 What protective factors (optimism, religion and hope) are associated with reduced emergence of an affective disorder, over time, in women with the FMR1 premutation?
We hypothesised that women who reported high levels of protective factors at time 1 would have a lower initial rates of affective disorders at time 1, as well as lower probability of meeting criteria for a disorder by the end of the subsequent 3-year surveillance period (time 2).
Methods

Participants
Data were drawn from a longitudinal project investigating child and maternal variables in families with a child with FXS, previously characterised in Roberts et al., 2009; 2016 . The sample at time 1 consisted of 93 females, aged 20-46 (M = 35.13). These 93 women are the same participants used by in the 2009 paper by Roberts and colleagues, with 83 of these participants completing a follow-up assessment 3 years later (Roberts et al., 2016) . Attrition (n = 10) was due to a lack of time or interest, with no difference in the rate of affective disorders for individuals who did and did not participate at the follow-up (60% vs 59% respectively). The final sample for this study included 83 females, aged 20-45 (M = 35). Table 1 includes additional demographic information, also reported in Roberts et al. 2016 . Seventy-nine mothers also provided genetic reports indexing CGG repeat length (M = 91.84, SD = 17.44, range 68-163). Demographic features were previously examined in this sample in relation to time 1 psychopathology (Roberts et al., 2009 ) and change across the interval between time 1 and time 2 (Roberts et al., 2016) . Thus, we determined whether to include each of these features as covariates to ensure effects related to our primary variables of interest -protective factors -were not accounted for by demographic features.
Measures
Mood and anxiety disorders
The presence of mood and anxiety disorders was assessed by the Structured Clinical Interview for DSM-IV-TR Axis I Disorders (non-patient edition; SCID-NP), a semi-structured interview used to evaluate the current and lifetime presence of DSM-IV, Axis I Disorders. The SCID-NP is a widely used measure that systematically reviews current and lifetime psychiatric symptomology. The mood and anxiety sections were used in the current study. Inter-rater reliabilities for the SCID-NP range from 0.57 to 1.00 and test-retest reliabilities range from 0.35 to 0.78 (First et al., 2002; SCID) . In a study of longitudinal reliability of the SCID, estimates ranged from .71-1.00 ('good' to 'excellent'; Zanarini & Frankenburg, 2001) . The SCID has successfully been used within a longitudinal design in several other studies (Fichter & Quadflieg, 2005; Koenig, 2006) including those with fragile X (Roberts et al., 2009; Bourgeois et al., 2011) . As detailed previously (Roberts et al., 2009; 2016) , interviewers underwent extensive training, and all interviews were reviewed by the director of the data collection core to ensure diagnostic accuracy. Interviews that resulted in a diagnosis, or interviews that were borderline for a diagnosis, were further reviewed by a consulting psychiatrist. Any questions raised by the reviewers were resolved by follow-up phone calls to the participants.
In the current study, lifetime presence of a disorder was defined as meeting criteria for a disorder at any time, including currently. Current presence was defined a meeting criteria for a disorder with symptoms present within 30 days of the interview. Consistent with previous studies with this sample, we examined two primary dependent variables: (1) presence of MDD and (2) presence of an anxiety disorder (panic, social phobia, agoraphobia, post-traumatic stress, specific phobia and generalised anxiety). Individual anxiety disorders could not be examined separately because there were not enough participants who met diagnostic criteria for any one category to sufficiently power an analysis. Mood and anxiety disorders were coded as categorical variables with 1 indicating the presence of the disorder and 0 indicating absence.
Optimism
Optimism, defined as positive generalised expectations about the future, was measured using the Life-Orientation Test-Revised (LOT-R; Scheier, Carver, & Bridges, 1994) . The LOT-R consists of 10-Likert scale items, including 4 filler items that yield a total optimism score from 0 to 24. Higher scores indicate more optimism. The LOT-R has been demonstrated to have good internal and test-retest reliability (.76 and .79 respectively; Scheier & Carver, 1985) and moderately correlates with other optimism measures (Hjelle et al., 1996) . The internal consistency of the LOT-R in the present sample was α = .84. The average score on the LOT-R was 14.92 (SD = 4.70, range 2-24).
Religious experience related to fragile X syndrome Two components of religious experiences related to FXS, institutional religion and personal spirituality and faith, were assessed using an adapted version of the Fewell Religion Scale (FRS; Fewell, 1986) . The FRS can be tailored for use in any population by specifying how components of religion relate to specific life events. In the current study, we specified questions to examine maternal use of formal religion and personal faith as sources of support after learning that a child has FXS, with items such as 'How much has your religion or faith helped you to understand and accept having FXS in your family?' The measure has two empirically derived subscales; one being religion as an institution (religious participation) and the other being religion as a personal faith (personal faith). Twelve items (6 per scale) are used to generate the two subscales, which each range from 6 to 30 (high indicating more religiosity). Previous studies have reported internal consistencies ranging from .64 to .93 919 (Michie & Skinner, 2010; Skinner et al., 2001) . The internal consistency of the FRS in our sample was α = .88 (religious participation) and .93 (personal faith). The average score on religious participation was 13.53 (SD = 5.58, range 6-28) and the average score on Personal Faith was 21.69 (SD = 7.12, range 6-30).
Hope
Hope, defined as the perception that goals are attainable and that successful paths can be determined to reach those goals, was assessed using the Trait Hope Scale (THS) (Snyder et al., 1996) . The THS is composed of 12 items: four agency items, four pathways items and four filler items. Eight items (e.g., 'I can think of many ways to get the things in life that are important to me') are used to generate a total hope score that ranges from 8 to 64. The THS exhibits high internal reliability (.82; Chang & DeSimone, 2001 ) and test-retest reliability (.85 over a 3-week interval, .73 over an 8-week interval, and .76 to .82 over a 10-week interval; Snyder, et al., 1991) .
The internal consistency of THS in our sample was α = .84. The average score on the THS was 48.51 (SD = 8.79, range 27-62).
Additional family characteristics
Child problem behaviours were measured using the Child Behaviour Checklist (Achenbach, 1991) 
Procedure
Data collection procedures are detailed in Roberts et al., 2009; 2016 , but are described in brief here. Each assessment was conducted in the family's home over 2 days. Time 1 and time 2 assessments were separated by approximately 3 years. Rating scales were mailed to the families 2 weeks prior to the visit and collected during the assessment visits. The SCID interviews were completed in person on the second interview day of each visit to allow time the interviewer to establish rapport. All data collection procedures were approved by the Institutional Review Board, and participants provided consent prior to the study.
Analytic strategy
Analyses were conducted using SAS statistical software version 9.4 (SAS Institute, Cary, NC, USA). We first examined descriptive statistics and variable intercorrelations to inform data transformation and model specification. Next, we used a series of logistic regression models to test our hypothesis that higher levels of protective factors (optimism, religious experience related to FXS and hope) would predict (1) lower lifetime presence of MDD and anxiety at time 1 and (2) lower rates of MDD and anxiety emergence during the 3-year surveillance period between time 1 and time 2. Separate models were constructed for MDD and anxiety. Descriptive sample characteristics are detailed in Table 1 .
Results
Data transformation and preliminary analyses
Continuous variables were screened for normality and three were log-transformed to minimise skew: CGG repeat length, child problem behaviours and income. All continuous predictors were centred and standardised to reduce nonessential multicollinearity. Preliminary correlations among predictor variables are detailed in Table 2 . Preliminary analyses indicated significant associations between primary variables and a number of demographic features, which were included as covariates in subsequent models: maternal age, maternal IQ, family income, and child problem behaviours, maternal marital status and maternal education. The remaining demographic characteristics are reported descriptively but were not covaried in analyses owing to non-significant association with our primary predictors (CGG repeats, child autism symptoms and race). We also examined whether core predictors differed across women with low (60-80; n = 22), mid-range (80-100, n = 34) or high (>100; n = 23) CGG repeats given evidence that women with mid-range repeats exhibit 
Time 1 initial prevalence
We next constructed two logistic regression models to test whether lifetime history of depression or anxiety at time 1 was predicted by four protective factors: (1) optimism, (2) personal faith as related to FXS, (3) participation in organised religion as related to FXS and (4) total hope. Figure 1 depicts the longitudinal course of MDD and anxiety diagnoses between time 1 and time 2. Specific diagnostic classifications are presented in Table 3 , and results of logistic regression models are presented in Table 4 (5.58 points on the FEWS). Lifetime history of anxiety was marginally associated with higher child problem behaviours, lower hope, and higher maternal brief IQ.
Longitudinal change
We next examined whether these same protective factors predicted change in MDD or anxiety status over time. The dependent variable for these predictive models was the presence of MDD or any anxiety disorder between Times 1 and 2, controlling for lifetime presence of MDD or any anxiety disorder at time 1. Therefore, each model was interpreted as the effect of the variable (i.e. optimism) on the probability of the occurrence of MDD or anxiety between time 1 and time 2, controlling for whether the individual met criteria for MDD or anxiety at time 
Discussion
The present study provides new evidence that protective factors may reduce risk for the emergence of psychopathology in women with the FMR1 premutation. Consistent with our hypotheses, higher optimism was associated with lower risk for lifetime MDD at time 1 as well as less risk for an anxiety disorder at time 2. Notably, both associations persisted when controlling for child problem behaviours, family income, and maternal age, brief IQ, marital status and education. Furthermore, the association between optimism and lower anxiety risk at time 2 persisted when controlling for lifetime history of anxiety disorders at time 1, demonstrating the predictive association between optimism and anxiety emergence. Contrary to our expectations, however, religious experience related to FXS predicted higher risk for MDD, and hope did not significantly relate to the presence or course of either MDD or anxiety. These findings lend insight into protective factors in women with the FMR1 premutation, as well as 922 Table 3 Summary of longitudinal SCID data (N = 83) potential points of prevention in the emergence of psychopathology in this population.
Optimism
The finding that increased optimism predicted a decreased likelihood of initial MDD and decreased risk for anxiety over time is quite powerful considering that this study used diagnostic criteria versus screening measures, controlled for prior history of MDD and anxiety and employed a short 3-year interval between assessments. The current findings are consistent with existing literature that has consistently demonstrated an inverse relationship between optimism and both anxiety Siddique, et al., 2006) and depression (Andersson, 1996; Bailey et al., 2008; Brisette et al., 2002; Grote et al., 2007) in individuals with and without the FMR1 premutation. This relationship is also seen in mothers raising children with a disability other than FXS (Baker et al., 2005 , Ekas et al., 2010 . Taken together, our study and much of the current literature suggests that optimism may confer protection against the development of anxiety and MDD. It is possible that that in times of stress, individuals that high in optimism use more constructive coping strategies, such as planning, seeking support or humour, than people who are less optimistic (Scheier et al., 1994) . These strategies could be particularly relevant to women with the 923 FMR1 premutation who may experience high levels of stress owing to raising a child with a significant disability. Notably, the association between optimism and mental health is likely bidirectional and may vary across other contextual dimensions such as social support (Brisette et al., 2002) . Although it is possible that the association between optimism and depression reflects overlap in these constructs, optimism distinctly predicted concurrent depression and future anxiety, rather than universally predicting both concurrent and future occurrence of both disorders, suggesting that effects of optimism may extend beyond symptoms of depression alone. However, to clarify the unique role of optimism in the course of depression and anxiety, future work may integrate experimental or treatment approaches to prospectively test the effects of manipulating optimism on mental health. With further study, integrating optimism into treatment protocols for women with the FMR1 premutation may help reduce MDD symptoms and emergent anxiety in this highrisk group.
Religious experience in relation to fragile X Contrary to our expectations, increased religious experiences related to FXS did not predict a decreased risk of anxiety or MDD. Instead, increased religious participation was associated with higher risk of MDD at time 1 (OR = 2.52), with greater magnitude than optimism (OR = 0.43). This unexpected association between religious experiences related to FXS and lifetime MDD may relate to the complexity of associations observed in previous studies of religiosity and well-being. For example, 'positive' religious coping strategies (e.g. seeking religious support, coping with others and forgiveness) are generally associated with positive adjustment (r = .33), whereas 'negative' religious coping strategies (e.g. attributing experiences to punishment from God, pleading for intercession for undesirable events) are associated with higher incidence of poorer psychological adjustment, including depression and anxiety (r = .22; Ano & Vasconcelles, 2005) . It is also possible that the positive association between religion and MDD observed in our data reflects an increased attempt to engage religion as a means of coping among women with greater distress. Indeed, religions participation at time 1 was related to lifetime MDD at time 1 only, suggesting high religion co-occurred with MDD rather than predicted future MDD episodes. Differences between our findings and previous studies may also relate to measurement, as we specifically focused on personal religion and religious participation as related to FXS, whereas the strongest connections between religion and psychopathology in previous literature are often focused on religious coping (Bosworth et al., 2003; Smith et al., 2003) . Thus, although our finding is consistent with previous reports that certain aspects of religion do not predict higher quality of life in women with the FMR1 premutation (Wheeler et al., 2008) , additional work is warranted to determine whether different aspects of religion -beyond how the individual has experienced religion in relation to FXS -may affect risk and resilience.
Hope
Our finding that hope was not associated with either MDD or anxiety was somewhat inconsistent with previous studies in which hope predicted well-being in premutation samples Wheeler et al., 2008) , less depressive symptomology in a sample of mothers of children with ID (Lloyd & Hastings, 2009 ) and decreased depressive and anxious symptomology in non-premutation samples (Arnau et al., 2007; Needles & Abramson, 1990) . Differences may relate to our specific sample, use of a long follow-up period, and dichotomous diagnostic criteria. Other studies that have found relationships between hope and depression or anxiety have primarily used continuous rating scales (Chang & DeSimone, 2001; Elliott et al., 1991; Arnau et al., 2007) and much shorter follow-up intervals (e.g. Needles & Abramson, 1990: 6 weeks; Arnau et al., 2007: 3 weeks), which may be more sensitive to changes over time. Thus, in the current study, the effects of hope may have reduced the severity of symptomology but not have been strong enough to completely protect the individual from the presence of psychopathology over such a long window of time. In addition, it is possible that unlike previous studies in non-premutation samples, our sample may experience unique life experiences that moderate associations between hope and psychopathology, particularly as related to parenting a child with FXS. Including measures of stress may better contextualise associations between hope and psychopathology, which may be most apparent in women with high stress.
Limitations
Although this study makes several important contributions to the literature, there are several limitations. First, although collapsing anxiety disorders into one category is adequate as an initial examination given our sample size, future research may wish to study the anxiety disorders separately. Additionally, MDD and anxiety were determined using diagnostic criteria and were characterised dichotomously, which although a strength of the study, may have prevented us from observing associations that may be more apparent when examining symptom severity. We also did not include a comparison group, precluding conclusions as to whether findings would be similar in women raising children with other disabilities, or women with the FMR1 premutation but without children with FXS. Finally, although our longitudinal design enabled us to test prospective associations between resilience and mental health, these associations are likely complex and multidirectional and thus should not be interpreted as deterministic in nature. Future work in higher powered samples should explicitly test whether protective factors interact to buffer against psychopathology emergence.
Summary and implications
This study is the first to use a prospective longitudinal design to examine optimism, religious experience related to FXS and hope as potential protective factors that could minimise the presence or severity of MDD and anxiety in women with the FMR1 premutation. Results indicate that women with the FMR1 premutation who are optimistic are less likely to meet lifetime diagnostic criteria for MDD and are less likely to meet criteria for anxiety disorders over time. Increased participation in religious experiences, along with more severe child problem behaviour and age, was also associated with increased MDD. Thus, optimism appears to be an important protective characteristic in these women and could be targeted in interventions, along with behavioural training to address child problem behaviours. Such interventions could include bolstering informal support from family and community (Bailey, et al., 2007) , which has been shown to increase optimism in mothers of children with disabilities.
